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bDepartment of Critical Care Medicine, Sunnybrook Health Sciences Centre, Toronto, Ontario, CanadaAbstractPurpose: In the intensive care unit (ICU), prognosticating patients who are comatose or defining brain death can be challenging. Currently,
the criteria for brain death are clinical supported by paraclinical tests. Noncontrast computed tomography (CT) shows diffuse loss of grey-
white differentiation consistent with infarction. We hypothesize that the extent of hypodensity is predictive of poor neurologic outcome or
brain death.
Materials and Methods: A total of 235 consecutive adult patients with cardiac arrest or with serious trauma admitted to ICU in 1 year were
studied. Seventy met inclusion criteria. CT images were reviewed by multiple observers blinded to final outcome who assessed for loss of
grey-white conspicuity. A modification of the validated Alberta Stroke Program Early CT Score (ASPECTS) was used to include none
middle cerebral artery territories. Primary outcome was death or functional disability at 3 months. Dichotomized CT scores were correlated
with poor clinical status (Glasgow Coma Score < 5 and APACHE [Acute Physiology and Chronic Health Evaluation] score >19) and poor
outcome (modified Rankin Scale >2).
Results: The CT score was 10 in 7 patients and >10 in 63 patients. The CT score value correlated with the severity of baseline clinical
status on the Glasgow Coma Score (r ¼ 0.53, P < .01) and negatively with the APACHE-II score (r ¼ 0.27, P < .05). The CT score value
negatively correlated with functional outcome (r ¼ 0.40, P < .01). All the patients with a CT score 10 died. The sensitivity of the CT
score for functional outcome was 24%, and specificity was 100%. Agreement among observers for the CT score was good (Intraclass
correlation coefficient ¼ 0.77).
Conclusion: Diffuse loss of grey-white matter differentiation is subtle but specific for poor neurologic outcome, which may allow earlier
prognostication of patients in whom clinical parameters are difficult to assess.ResumeObjectif : Dans les unites de soins intensifs, il peut e^tre difficile d’etablir un pronostic pour les patients comateux ou de definir la mort
cerebrale. Actuellement, les criteres de mort cerebrale font l’objet d’une evaluation clinique appuyee par des examens paracliniques. La
tomodensitometrie sans agent de contraste montre une attenuation diffuse des differenciations entre matiere grise et matiere blanche que l’on
peut associer a un infarctus cerebral. Selon notre hypothese, l’etendue de l’hypodensite permet de prevoir de mauvais resultats neurologiques
ou la mort cerebrale.
Materiel et methodes : Au total, 235 patients adultes consecutifs admis dans une unite de soins intensifs apres avoir subi un arre^t cardiaque
ou un traumatisme severe ont ete examines au cours de la me^me annee. De ce nombre, 70 ont satisfait aux criteres d’inclusion. Les
tomodensitogrammes ont ete analyses par de nombreux observateurs, ne connaissant pas les resultats finaux, et qui ont evalue la
differentiation entre matiere grise et blanche. Une modification a ete apportee a l’echelle ASPECTS (Alberta Stroke Program Early CT
Score) de fac¸on a inclure des regions autres que celle de l’artere cerebrale moyenne. Le resultat le plus frequemment obtenu etait le deces ou
une incapacite fonctionnelle apres trois mois. Les notes dichotomisees de TDM etaient associees a de mauvais etats cliniques (score inferieur
a 5 sur l’echelle de Glasgow et score APACHE [Acute Physiology and Chronic Health Evaluation] superieur a 19) et a de pauvres issues
(score de Rankin modifie superieur a 2).* Address for correspondence: Santanu Chakraborty, DMRD, FRCR, Diagnostic Imaging, The Ottawa Hospital, 1053 Carling Avenue, Ottawa, Ontario K1Y
4E9, Canada.
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130 S. Chakraborty et al. / Canadian Association of Radiologists Journal 63 (2012) 129e134Resultats : La note du tomodensitogramme etait inferieure ou egale a 10 chez 7 patients et superieure a 10 chez 63 patients. La valeur de la
note du tomodensitogramme presentait une correlation avec la gravite de l’etat clinique evalue selon l’echelle de Glasgow (r ¼ 0,53, P <
0,01) et une correlation negative avec le score APACHE-II (r ¼ 0,27, P < 0,05). La note du tomodensitogramme presentait une correlation
negative avec les resultats fonctionnels (r ¼ 0,40, P < 0,01). Tous les patients qui avaient rec¸u une note inferieure ou egale a 10 sont
decedes. En ce qui concerne les resultats fonctionnels, les notes des tomodensitogrammes presentaient une sensibilite de 24 % et une
specificite de 100 %. Les observateurs semblaient generalement s’entendre sur les notes attribuees aux tomodensitogrammes (coefficient de
correlation intraclasse de 0,77).
Conclusion : L’attenuation diffuse des differenciations entre matiere grise et matiere blanche est une caracteristique subtile, mais indiquant
specifiquement de mauvais resultats neurologiques, ce qui pourrait permettre d’etablir plus rapidement des pronostics pour les patients dont
les parametres cliniques sont difficiles a evaluer.
 2012 Canadian Association of Radiologists. All rights reserved.
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Acute ischemia is manifested on noncontrast computed
tomography (CT) by well-known changes: parenchymal hypo-
density, differential loss of grey-matter density vs white matter,
and sulcal effacement [1]. In the case of focal infarction, the
changes are usually unilateral, which allows asymmetry
between the 2 hemispheres to help identify the abnormality.
With brain death, these ischemic changes are diffuse and
symmetrical, and may be challenging to detect unless a struc-
tured scoring system is used. The Alberta Stroke Program Early
CT Score (ASPECTS) is a well-validated score [2] for
improving accuracy of infarction detection [3e5] for middle
cerebral artery (MCA) territory infarction andhas beenmodified
to scoring multiple territories on diffusion-weighted imaging
[6]. We hypothesize that, when present, diffuse brain infarction
could be specific in predicting a poor neurologic outcome and
even brain death. Identification of these subtle changes could
prompt more definitive tests for brain death at an earlier stage.Materials and MethodsPatient CohortThis was a retrospective blinded review of 235 consecu-
tive adult patients admitted, over a period of 1 year, to the
intensive care unit (ICU) after cardiac arrest (n ¼ 48) or
trauma (n ¼ 187) . The patients with intracranial hemorrhage
were excluded, because such changes would obscure subtle
brain density changes and hinder assessment of loss of grey-
white matter conspicuity. A total of 18 patients with cardiac
arrest and 52 trauma patients were included. Thirty patients
admitted to ICU after cardiac arrest were excluded from the
study: 27 did not have CT, and 3 had hemorrhage. A total of
135 trauma patients were excluded: 122 showed significant
intracranial hemorrhage, and 13 had no brain CT. The time
of admission to the ICU, time of CT, and time of death and/
or discharge from the ICU were recorded. Although we were
interested to find out the time of the first clinical suspicion of
global anoxic injury, the data were scant, and approximately
half of the patients had a CT before admission to the ICU.Scan AcquisitionImaging was performed on a 4-channel multidetector-row
CT (LightSpeed; GE Medical Systems, Milwaukee, WI). CT
head imagingwas performed in sequential scanmode,with 2.5-
mm section thickness for the posterior fossa and 5-mm section
thickness above the tentorium. The standard exposure param-
eters for posterior fossa were 140 kV and 280 mAs, and for
supratentorial section were 120 kVand 240 mAs. The images
were reviewed on IMPAX 4.5 (Agfa Healthcare, Mortsel,
Belgium) PACS workstations. The reviewers were allowed to
use display settings (window level and width) of their choice.Scan InterpretationCT brain images were reviewed by 3 neuroradiologists
(A.J.F., S.C., S.P.S.) blinded to all patient clinical informa-
tion, including cardiac arrest and trauma, prior or subsequent
images, radiologic reports, and final outcomes. The scan
closest in time to the primary end point, that is, death or
discharge from the ICU, was chosen for evaluation.
The presence of diffuse ischemic changes and cerebral
oedema were noted. For consistency of brain hypodensity
interpretation, we developed an extended scoring system
(Figure 1) of an established scoring system, ASPECTS [2].
The MCA constitutes the largest part of the brain supply, and
the score is clinically weighted for this vessel, including the
functionally important basal ganglia region. Similar to
ASPECTS, each MCA territory had 0-10 points. Anterior
cerebral artery (ACA) and posterior cerebral artery (PCA)
territories had 2 points that corresponded to the upper and
lower levels of each territory. The brainstem and each cere-
bellar hemisphere had 1 point (Table 1). The total score was
31 for a normal scan, with the loss of 1 point for each area of
hypodensity. A brain with diffuse infarction that involved all
areas scored zero. The size of the basal cisterns were also
recorded as normal, small, or effaced.
The primary end point of our study was death or discharge
from the ICU. The outcome of the survivorswas determined by
a modified Rankin Scale (mRS) score at a 3-month follow-up.
The study was approved by the local hospital research ethics
board (project identification number 331-2005).
Figure 1. Axial computed tomography (CT) images at 3 levels (A, B, C), showing the modified Alberta Stroke Program Early CT Score (ASPECTS) used for
analysing images. The score was used to interpret the whole brain and was not limited to the specific slices. See Table 1 for further details. A1 ¼ anterior
cerebral artery (ACA) lower; A2 ¼ ACA upper; B ¼ brainstem; C ¼ caudate; CL ¼ cerebellum; I ¼ insula; IC ¼ internal capsule; L ¼ lentiform nucleus; M1-
M6 ¼ middle cerebral artery territories; P1 ¼ posterior cerebral artery (PCA) lower; P2 ¼ PCA upper.
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which reflects diffuse ischemic change equivalent to involve-
ment of at least bilateral MCA territories. The Spearman rank
correlation coefficient was used to test the association between
the CT score, baseline clinical status as determined by Glas-
gow Coma Score (GCS) (<5 or 5), and Acute Physiology
and Chronic Health Evaluation (APACHE)-II score (<19 or
19), and the clinical outcome defined by an mRS > 2 at 3
months. These clinical scores have already been validated for
prediction of mortality [7]. Intraclass correlation coefficient
was used to assess the interobserver agreement for the pres-
ence of diffuse CT ischemic change. The coefficient represents
concordance: 1 is perfect agreement, and 0 indicates agree-
ment no better than chance. The statistical package SPSS 13.0
(SPSS Inc, Chicago, IL) was used for analysis.
Results
There were 23 women and 47 men (median age, 41 years;
range, 18e88 years). The mean GCS was 10, and the mean
APACHE-II score was 18. The median time difference fromTable 1
Scoring system used for computed tomography (CT) evaluation (Figure 1).
Vascular territories
Side
ScoringLeft Right
ACA lower (A1) 1 1 2
ACA upper (A2) 1 1 2
MCA as per ASPECTS (C, caudate;
I, insula; L, lentiform nucleus;
IC, internal capsule; MCA, M1-M6)
0e10 0e10 20
PCA lower (P1) 1 1 2
PCA upper (P2) 1 1 2
Cerebellum (CL) 1 1 2
Brainstem (B) 1 1
Total score 31
ACA ¼ anterior cerebral artery; ASPECTS ¼ Alberta Stroke Program Early
CT Score; MCA ¼ middle cerebral artery; PCA ¼ posterior cerebral artery.CT to the end point was 56 hours (range, 2 hours to 17 days).
There were 22 deaths; 7 had a CT score of 10. Of these 7
patients, 2 had a postmortem with the cause of death deter-
mined as global anoxia. One patient had neurophysiologic
testing repeated at 2-day intervals to establish death. Two
patients presented with respiratory arrest after cervical spine
fracture, 1 presented after choking, and the last patient had
a known chronic renal condition and had cardiac arrest in the
dialysis unit. Of the 15 other deaths, 6 patients had known
cardiac disease, 5 had polytrauma and multisystem failure, 1
patient had PCA infarction, 1 patient had bowel obstruction,
1 patient had gallbladder malignancy with hepatic encepha-
lopathy, and 1 patient died of sepsis with multiorgan failure.
There were 7 patients with mRS 3-5 in our follow-up: 3 had
severe cognitive impairment, 1 patient had sepsis and later
died, and other 3 patients had spinal injury with paraplegia.
The total CT score was 10 in 7 and >10 in 63 patients
(Table 2). The CT score cutoff value of 10 was chosen
empirically to ensure greater specificity. The CT score value
correlated with the severity of baseline clinical status on the
GCS scale (r ¼ 0.53, P < .01) and negatively with the
APACHE-II score (r ¼ 0.27, P < .05). The average CT
score value negatively correlated with functional outcomeTable 2
Distribution of patients in different groups and correlation scores
CT score
<10 (n ¼ 7)
CT score 10
(n ¼ 63)
Correlation
coefficient
GCS
<5 (n ¼ 20) 7 13 r ¼ 0.53, P < .01
5 (n ¼ 50) 0 50
APACHE II
>19 (n ¼ 32) 6 26 r ¼ 0.27, P < .05
19 (n ¼ 38) 1 37
mRS
>2 (n ¼ 29) 7 22 r ¼ 0.40, P < .01
2 (n ¼ 41) 0 41
APACHE ¼ Acute Physiology and Chronic Health Evaluation; CT ¼
computed tomography; GCS ¼ Glasgow Coma Score; mRS ¼ modified
Rankin Scale.
Figure 2. (AeC) Computed tomography (CT) of patient who is brain dead, showing almost complete loss of grey-white matter differentiation of bilateral
cerebral cortex, hypodensity of basal ganglia structures bilaterally, and pseudohyperdense tentorium and falx against surrounding low density brain; the basal
cistern is partially effaced in this patient. (DeF) CT from a normal control.
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Small basal cisterns were seen in 6 patients: only 2 in the
subgroup (35%), with a CT score of <10. The sensitivity of
the CT score for functional outcome was 24% and for
specificity was 100%. The positive and negative predictive
values were 100% and 65%, respectively. Agreement among
observers for the CT score was good (intraclass correlation
coefficient ¼ 0.77 [95% confidence interval, 0.69e0.84]).
Discussion
This study correlates diffuse low-density changes on CT
with poor clinical outcome in adult patients admitted to the
ICU after cardiac arrest or trauma. The presence of diffuse
hypodensity that corresponds with a CT score of <10 is
highly specific for worse outcome and even predicts brain
death. We concluded that identification of these changes may
prompt more definitive tests for brain death at an earlier
stage. The finding of loss of grey-matter density compared
with white matter is well known for infarction when
a cortical-subcortical wedge is recognized. The same finding
when diffuse (Figure 2) is not always paid attention to and
may be missed, but when seen, has a potentially dire
implication.
The term ‘‘brain dead’’ was first used to describe a patient
in an irreversible coma and with a heart beat, and from whom
a kidney was removed for transplantation [8]. In 1968, the adhoc committee of the Harvard Medical School established
a new neurologically-based definition of brain death [9].
Recently, the Canadian national forum on ‘‘Severe Brain
Injury to Neurological Determination of Death’’ recom-
mended that neurologically-determined death be defined as
irreversible loss of the capacity for consciousness combined
with the irreversible loss of all brainstem functions, including
the capacity to breathe [10]. Diagnosing brain death has
become important because major advances in health care
regarding resuscitative and supportive therapy, the creation
of ICUs, and the development of mechanical ventilators
interrupt the natural evolution of devastating brain injury to
cardiopulmonary death. It is difficult to define death in an
individual whose heart continues to beat but whose brain is
irreversibly damaged. Many patients are heavily sedated or
paralyzed after resuscitation, which makes neurologic
examination almost useless. Somatosensory-evoked poten-
tials have not been consistently useful, because abnormal
findings, such as absent scalp potentials, are uncommon.
Multiple tests are needed to complement each other for
establishing a diagnosis of brain death. A CT of the brain is
a common test performed on patients in the ICU, and subtle
diffuse changes, if present, might help in the prognosis and
diagnosis of brain death.
Because scans in this study were done based on clinical
need, there is no uniformity to the timing of scans or of
patients’ progression to their eventual outcomes. There were
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imaged early on in their ICU stay, which negated the
possibility to interpret the diffuse brain changes that would
have occurred near the end point. Therefore, the absence of
changes is explained by the variability of the timing of the
scans from the serious clinical event that led to ICU
admission until the end point. In effect, the purposes of this
study were to identify and determine the performance char-
acteristics of diffuse CT hypodensity (Figure 2) when present
for poor clinical outcome and brain death. We also wanted to
determine the inter-rater agreement of the result for readers
who are attuned to seek grey-white matter discrepancies on
noncontrast CTs. This was accomplished with readers inde-
pendently and consistently identifying diffuse brain density
changes of brain death in those cases in which the findings
were present.
The early CT findings of acute global cerebral hypo-
perfusion in adults are described as diffuse mass effect with
effacement of the cerebral sulci and of the brainstem cisterns,
global decrease in the cortical grey-matter density from
oedema, which results in loss of the normal grey-white
matter differentiation and low-density lesions of the basal
ganglia bilaterally [11]. Grey matter hypodensity may occur
within minutes to hours [12] because of its increased meta-
bolic activity and thus greater ischemic susceptibility. Loss
of grey-white matter differentiation can be subtle, especially
when diffuse and is more likely to be observed by those who
systematically seek these changes aided by window width
and level adjustment (so called ‘‘stroke windows’’) [13].
Although the sensitivity for this finding was only 24% in
these cases, it is not surprising, because there was no
consistency to record times of clinical concern nor was there
uniformity of brain imaging. However, when this finding was
recognized with confidence, specificity was excellent. Clin-
ical impact is that, with patients in coma or induced coma,
such findings can signal an indication to begin other studies
for brain death diagnosis, including other neuroimaging. The
treatment and use of resources can be affected if the diag-
nosis would be made earlier.
Relative increased attenuation of the falx and tentorium is
described in association with cerebral oedema with profound
brain swelling [14,15]. A false appearance of subarachnoid
hemorrhage, or a pseudoesubarachnoid hemorrhage [15],
may be seen on CTs in cases of marked loss of cerebral
density because of diffuse ischemic change. The likely
explanation for this appearance is the lowered density of
infarcted brain offset against the normal slightly increased
density of dura (falx and tentorium), with low-density cere-
brospinal fluid (CSF) pushed away. Other offered explana-
tions include distention and greater conspicuity of the
superficial vasculature or clot in the superficial vasculature
[16,17].
In patients who are comatose, magnetic resonance (MR)
that shows extensive abnormalities of anoxic-ischemic injury
may indicate little or no prospects for recovery [18].
However, routine sequences can show a ‘‘super-normal’’
appearance of the brain when scanned without the usual CSFpulsations, and results can be misleading [19]. Like the CT
changes, MR imaging findings have a role in determining the
prognosis in ischemic coma. MR availability, costs, and the
complicated transport of patients and monitoring systems
makes it difficult in these situations [18]. CT, however, is
quick, relatively safe, and for most patients after cardiac
arrest or severe trauma, a part of their routine workup.
Our semiquantitative CT scoring system is a modification
of a validated semiquantitative method for assessment of
global injury. A limitation of this system is the reduced
conspicuity of brainstem lesions onCT thatmay be devastating
clinically yet unapparent on CT. The diffuse involvement of
brain parenchyma can be more readily assessed visually, and
this is the most important observation in this study.
Newer sequences that are appended to noncontrast CT,
such as CT angiography and CT perfusion [20], are still
under investigation in brain death. We have shown that
diffuse changes of infarction on simple noncontrast CT,
when present, are specific predictors for poor outcome and
brain death. These changes may allow more definitive
interpretation by current legally defined acceptable tests for
brain death at an earlier stage and may reduce the substantial
personal and financial costs of prolonged intensive care for
patients with irreversible comatose brain death after
resuscitation.
The study has several limitations. As a retrospective study,
there are several sources of selection bias, including use of
exclusion criteria. Because the CTs were performed based on
clinical need, there was significant variability. The scoring
system used was not validated, although the observers were
aware of its limitations. The empirical threshold of a CT score
of 10 could also be a limitation, although this was used to
minimize the rate of false-positive results. Certainly, a higher
score does not screen out patients who will do poorly.
Conclusion
Diffuse loss of grey-white matter differentiation on non-
contrast CT of adult patients in the ICU is specific for poor
neurologic outcome or brain death. It is visually harder to
appreciate than focal infarctions because of the lack of
asymmetry. Identification of diffuse ischemic changes could
lead to definitive tests for brain death at earlier stages than
otherwise indicated, which could help initiate earlier prog-
nostication of patients who may be difficult to assess because
of drug-induced coma, and may have some implications for
family counseling and for resource utilisation.
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